Spatial correlation analysis
The speckle size can be directly related to the full width at half maximum (FWHM) of the spatial intensity autocorrelation given by where r represents the distance in pixels and Ī(r) an average intensity over pixels with an identical wave vector transfer q. Since the beam is expected to be asymmetric, as measured with knife edge scans (4.7μm3.3μm (HV)), the analysis is applied to the horizontal and vertical directions separately. The sample consists of gold nanoparticles dispersed in a polystyrene matrix at 393K. It is important to note that the spatial correlation tends to 1+β as r goes to 0, where β is the speckle contrast. Since the self-correlation term at r = 0 includes a dominant contribution from Poisson noise in photon statistics S1,S2 and the correlation at r = 1 includes the contribution of photon sharing between detector pixels, an estimation of the contrast can be made by cross-correlating two frames temporally close (sufficiently close to neglect sample dynamics) and taking the point at r = 0. Because the contrast between frames will be slightly lower that the self-contrast, this method gives also a high-limit for the FWHM of the curves. Only frames with sufficient scattering intensity are used. Spatial cross-correlations are calculated in a square area of 5050 pixels centered at q=0.0038Å -1 as shown with a yellow box in Fig. S1 (a), between consecutives frames separated by ~7s, much smaller than the typical relaxation time ~10 3 s measured for this data set (see Fig. 4 a) . Correlations are averaged along q within each frame and then averaged over the total number of frames. A small area of the speckle pattern averaged over 150 frames for better visualization is presented in (b). A particular cross-correlation pattern calculated between two consecutive frames is plotted in (c). Average line cuts in the horizontal and vertical directions as a function of r are presented in (d). When r is larger than the speckle size, the spatial correlation approaches 1 since there is no more correlation between the intensities. A slight deviation from 1 is typically due to the limited number of speckles in the selected area for the calculation, leading to variations in <I>.
The contrast and beam sizes calculated from the speckle size in both directions are summarized in the Table S1 . The contrast is slightly lower than those obtained from XPCS analysis (g 2 (0)  0.08-0.10 as displayed in Fig. S4 ) due to the cross-correlation scheme. The beam size is estimated from the speckle size using
where SDD is the sample to detector distance and the wavelength. The estimation from 100 pulses yields an average beam size of 3.5μm3.5μm (HV), whereas 4.7μm3.3μm Table S1 . The contrast and the speckle size obtained from FWHMs in Fig. S1 (d) .
Error bars correspond to the standard deviation of the averaged ensemble. 
Contrast
The contrast is related to the number of modes via =1/M.
Here the negative binomial distribution has been extended to a continuous intensity distribution. This analysis is valid if the mean intensity per pixel is large enough (several photons per pixel) to neglect the effect of Poisson noise in photon statistics S4 . With very low scattering intensities one has to apply methods such as the droplet algorithm S1,S5 in order to identify individual photon events. A typical fitting for one frame containing the sum of 100 pulses is shown in Fig. S2 Intensity distribution histogram (symbol) and its fit to the negative binomial distribution (solid line) for a particular frame with 100 pulses. Pixels in a small region of interest centered on q=0.0032A -1 with a width of 0.0002A -1 were used for the calculation. There were 5.95
photons per pixel on average. The fit yields the number of modes M fit in the particular q range.
In b the evolution of the number of modes during a measurement of a total 150 frames is plotted. Error bars represent the 95% confidence interval. The average number of modes in both cases is larger than the ideal M=1 for a single pulse per frame. 
Aging effect at different wave vector transfers
In Fig. S4 , intensity autocorrelation functions g 2 are shown for various wave vector transfers (extended from Fig. 3 ) calculated from the first 8.5 min. (shown in red) and the last 8.5 min (in blue), i.e., first and last 75 frames among a total of 150 frames, in (a) at 103 min.
and in (b) at 477 min. after the temperature reaching equilibrium at 393K. The corresponding decay time constants are presented in Table S2 . Figure S4 . Comparison of g 2 functions at two different ages for various wave vector transfers. g 2 functions are calculated from the first 75 frames (in red) and from the last 75 frames (in blue) among a total 150 frames 
Transmission coefficients of optical components
The transmission coefficients of all the optical components in the XCS instrument starting from the exit of the undulator are shown in Table S3 for calculating the average number of photons incident on the sample position. 
